Fibrosis, seen in the liver, lung, heart, kidney, and skin, is a significant global disease burden. 
Fibrosis can occur in many different types of tissue, such as lung, liver, heart, kidney, and skin. Several types of fibrosis are ranked in the top 20 Global Burdens of Disease in the World Health Organization's most recent publication (1) . Burns, which often result in severe fibrotic scarring, ranked 15th, and liver fibrosis/cirrhosis from hepatitis viral infections ranked 18th in the global disease burden (1) . Despite this international prevalence, a functional antifibrotic treatment has not been developed (2) . The hallmarks of fibrosis, including increased presence, differentiation, and persistence of myofibroblasts (myoFBs); increased collagen deposition; decreased collagen degradation; and increased contraction, are conserved in most models of organ fibrosis. The normal progression of a healing wound is similarly characterized by an increase in collagen deposition and decrease in collagen degradation, and the presence and persistence of myoFBs, which results in a scar. In this review, we survey 4 types of fibrosis (wound healing/skin, liver, lung, and transplant vasculopathy) to illustrate commonalities in fibrosis and the mechanisms that drive this process. In particular, we consider the possible role of apoptotic cells as drivers of the fibrotic process.
APOPTOSIS
Apoptosis is nature's preprogrammed form of cell death. Apoptosis occurs throughout development, when damaged tissues are repaired, and as an ongoing event when tissues turn over in the human body. The classical understanding of apoptosis suggests that it provides a benign means for the necessary clearance of cells that are no longer needed or no longer functional. The attendant model holds that apoptotic cells do not elicit an immune response nor have any effect on surrounding cells. As described later, recent findings now challenge this paradigm of apoptosis as a process without consequence to neighboring tissue.
There are two main pathways to initiate apoptosis, termed intrinsic and extrinsic, that converge on a DNA fragmentation pathway (Fig. 1) . Extrinsic signaling pathways involve the transmembrane death receptors of the tumor necrosis factor (TNF) receptor gene superfamily, FasR, TNFR1, and death receptors (DRs) 3, 4, and 5; all contain a death domain that transmits the death signal from the cell surface to intracellular signaling pathways. In the mitochondrial or intrinsic pathway, the balance of proapoptotic Bax and antiapoptotic Bcl-2 proteins, as well as caspase-2, determines cytochrome c release from mitochondria. There are numerous intracellular mediators for both pathways that are necessary for formation of death receptor complexes and caspase cleavage and activation. Caspases involved in apoptosis can be broken down into 3 broad categories: initiators (caspase-2, -8, -9, -10), executioners (caspase-3, -6, -7), and inflammatory caspases (caspase-1, -4, -5) (3, 4). Caspase-3 (Casp3) is the classical caspase common to all apoptosis pathways. The activation of the extrinsic pathway begins with recruitment of TNFR-associated death domain (TRADD), Fas-associated death domain (FADD), and procaspase-8; signaling is propagated by the cleavage and activation of procaspase-8 to caspase-8, which cleaves and activates Casp3. The intrinsic pathway is initiated by mitochondrial membrane disruption releasing cytochrome c. Cytochrome c binds to the cytosolic protein, apoptosis protease-activating factor 1 (APAF1), which recruits caspase-9 for cleavage and activation. Caspase-9, in turn, cleaves and activates Casp3 similar to the extrinsic pathway (refs. 3, 4 and Fig. 1 ).
APOPTOSIS AND FIBROSIS
For decades, apoptotic cells were thought to be inconsequential to the final outcome of processes such as wound healing, and viewed simply as a necessary occurrence in the function of the human body. This model has recently been challenged, as apoptosis has been identified as a key player in the initiation, propagation, and resolution of organ fibrosis. High levels of apoptosis have been identified in nearly all types of fibrosis, and many mechanisms by which the apoptotic cells might dictate fibrotic outcomes have been suggested (5) . Characteristics of fibrosis, such as increased levels of myoFB-like cells, increased collagen synthesis, and decreased collagen degradation, can be seen in wound healing, liver and lung fibrosis, and chronic transplant vasculopathy (CTV). In addition, high levels of apoptosis are seen in all models of fibrosis, either as initiators or perpetuators of the fibrotic response ( Table 1) . The three most notable pathways that dictate the severity of the fibrotic outcomes include apoptosis resistance of fibroblasts (FBs) and myoFBs, increased FB and myoFB proliferation, and increased myoFB differentiation (6) . Apoptotic cells can stimulate these fibrotic outcomes either indirectly or directly. Macrophages, neutrophils, and other leukocytes may be stimulated to secrete factors that mediate fibrotic effects following the engulfment of apoptotic cells. Direct paracrine signaling from early and late apoptotic cells themselves can also cause fibrotic outcomes (Fig. 2) .
In further considering the indirect effects of apoptotic cells, modulation of the immune response by apoptotic cells is a concept that has recently gained support. The phagocytosis of apoptotic cells by macrophages, a process termed efferocytosis, can define the inflammatory state of macrophages and the resolution of inflammation in general (7) . Most of the research on this topic has attempted to identify the initiating event in the macrophage switch from a "proinflammatory" to "prohealing" phenotype (8) . Following this switch, macrophages begin secreting cytokines and growth factors (8) that stimulate tissue growth. These factors may contribute to a profibrotic outcome via multiple mechanisms (9, 10) . Macrophages with the prohealing phenotype are known to secrete lower levels of TNF ␣ and interleukin (IL)-6 and increased levels of IL-10, transforming growth factor ␤1 (TGF-␤1) and insulinlike growth factor 1 (7, 11, 12) . Notably, IL-10, TGF-␤1, and insulin-like growth factor 1 have also been shown to promote cell survival in the surrounding cells. In doing so, these signals could also initiate a profibrotic response by conferring apoptosis resistance and promoting proliferation and differentiation in FBs and myoFBs (8, 9) .
Direct effects of apoptotic cells also play a part in modulating fibrotic outcomes; apoptotic cells may act directly on FBs and other cell types, enhancing cellular proliferation and profibrotic phenotypes. In the skin, subcutaneous injection of conditioned medium (CM) from apoptotic endothelial cells (ECs) was sufficient to increase the presence and persistence of myoFBs (13) . In the liver, lung, cardiac allografts, and renal allografts, administration of apoptotic cells relevant to the corresponding organ induced a limited immune response while increasing the fibrotic response (13) (14) (15) (16) (17) (18) (19) (20) (21) . These studies suggest that paracrine signaling mechanisms from apoptotic cells may influence the fibrotic response.
SOURCES OF APOPTOTIC CELLS IN FIBROTIC RESPONSES
Since the presence and persistence of apoptotic cells may contribute to the fibrotic outcome via immune modulation and paracrine signaling, the identification of the source of the apoptotic cells is important. Several studies have identified apoptotic inflammatory cells as contributing to fibrotic lesions (21, 22) . In a mouse model of lung fibrosis, introduction of apoptotic macrophages via intratracheal administration resulted in increased macrophage recruitment and increased collagen deposition, and contributed to the overall initiation and propagation of pulmonary fibrosis (21, 22) . Another potential source of apoptotic cells is the angiogenic response. A vigorous angiogenic response is frequently associated with fibrotic outcomes (23) , and antiangiogenic therapies have been proposed to modulate fibrosis (16, 24 -26) . The role of dynamic angiogenesis in fibrosis and scar formation has been generally considered to involve the need for oxygen and nutrient delivery to support fibrotic processes (27) . Recent studies in wound healing, however, suggest that the angiogenic response may influence fibrosis through the generation of apoptotic ECs (28 -31) . As the angiogenic process resolves, the vascular bed is pruned back via apoptosis of ECs. The resolution of robust angiogenesis thus creates a significant apoptotic burden (28, 29) . Upon vessel regression, pericytes may be released and develop myoFB features via paracrine signals from apoptotic ECs, further encouraging the development of fibrosis (32) . The increased levels of apoptotic vascular cells may contribute via immune modulation and paracrine signaling to the resulting fibrotic outcomes. Fibrocytes, a circulatory cell type that enters the wound and secretes extracellular matrix (ECM) proteins, have been linked to angiogenesis and scar formation (33) . Interestingly, recent studies have suggested that fibrocytes that enter the wound promote angiogenesis through secretion of proangiogenic factors and factors that encourage EC migration, such as bFGF, vascular endothelial growth factor (VEGF), G-CSF, and MMP-9. Fibrocytes may therefore contribute to the fibrotic environment of the wound through the promotion of angiogenesis, leading to increased levels of apoptotic ECs from the subsequent vessel regression, and through secreted profibrotic factors (33) .
WOUND HEALING
In wound healing, fibrotic outcomes can vary from minor scars to hypertrophic scars and severe fibrotic lesions. In all cases, the collagen content and architecture of the scar are significantly different from normal skin (34, 35) . Fibrosis in skin is characterized by increased collagen synthesis; specifically, increased collagen type I (Col1), decreased collagen type III (Col3), and decreased collagen degradation attributed to an imbalance of matrix metalloproteinases and their inhibitors, tissue inhibitor metalloproteinases (34 -36) . Hypertrophic scarring, in particular, is characterized as raised, red, fibrous lesions that typically remain within the area of the original wound and undergo at least partial spontaneous resolution over a long period of time. Hypertrophic scars can occur following minimal skin trauma, and result in physical pain and limited mobility due to contractures, in addition to psychological stress due to the physical appearance of the scar (36) . Because the collagen architecture of hypertrophic scars is abnormal, the scar tissue has less tensile strength than normal skin, which contributes to high levels of wound dehiscence (37) . Due to limited therapeutic treatments, hypertrophic scars continue to be a significant clinical problem.
During wound healing, apoptosis maintains the homeostasis of the wound environment by balancing cell elimination with cell proliferation (38) . Early apoptosis in wound healing primarily involves neutrophils and macrophages, cells that are eliminated as inflammation resolves. In the later phases of repair, both FBs and ECs undergo apoptosis while the wound is remodeling (38, 39) . Notably, in vitro studies by Laplante et al. (13) have shown that CM from Casp3-mediated apoptotic ECs can increase focal adhesion formation and gene expression of ␣-smooth muscle actin (␣-SMA), a myoFB marker, in FB culture. The fibrotic effect of this CM was also demonstrated in vivo with subcutaneous injection of CM from apoptotic ECs. Following proteomic analysis, the fibrotic effect was shown to derive from the presence of connective tissue growth factor (CTGF), a member of the CCN family of proteins that has been previously implicated in fibrosis (5, 13) . These studies suggest that apoptotic ECs (and perhaps CTGF) might mediate critical paracrine signals that influence fibrosis, and contribute to the accumulation of apoptotic cells via synergistic effects of CTGF and the extrinsic apoptosis pathway (5) .
Vessel regression in the remodeling phase of wound healing is a significant source of apoptotic ECs (29) . The modulation of blood vessel growth is an important component of wound repair; angiogenesis peaks during the proliferative phase, and vessel density decreases gradually in the remodeling phase. As the wound progresses through the remodeling phase, there is a shift from a predominance of proangiogenic mediators to antiangiogenic mediators (28, 29, 40) . When the antiangiogenic mediators outweigh the proangiogenic mediators, the result is increased levels of apoptotic ECs and vascular regression (29 -31) . The balance between pro-and antiangiogenic mediators determines the levels of apoptotic ECs in wound healing (30, 31) . Since persistent and high apoptotic loads are related to the etiology of several other types of fibrosis (19, 41, 42) , we hypothesize that the increase in the vascular cell apoptotic load during vessel regression in normal wound healing may influence FB function, promoting formation of fibrotic scars and preventing regeneration.
Robust angiogenesis has now been associated with hypertrophic scarring (34, 35) . A recent study compared the capillary content of human normotrophic and hypertrophic scars and demonstrated that hypertrophic scars contain higher levels of angiogenesis and vascular remodeling (20) . Given these observations, antiangiogenic therapy has been suggested to reduce scar formation (16, 25, 43, 44) . Recent studies by us and others now suggest that a reduction in angiogenesis may be beneficial to healing outcomes and does not impair wound closure (16, 45, 46) . For example, neutralization of vascular VEGF via antibody treatment has been used to reduce the angiogenic response in adult skin wounds by ϳ50% (ref. 46 and unpublished results). The anti-VEGF-treated wounds close normally and have reduced scarring, an outcome more closely resembling regeneration. The results from this study support the hypothesis that reducing angiogenesis also reduces the potential apoptotic load that occurs during vascular regression; the reduction in the apoptotic load may be connected to the improved scarring outcome.
LIVER FIBROSIS
Liver fibrosis has been studied extensively because the liver is the only mammalian organ known to regenerate after injury, and because of the clinical importance of fibrosis in this organ. Liver fibrosis is characterized by chronic activation of the wound healing response and an increase in the differentiation of hepatic stellate cells (HSCs) to myoFB-like cells (47, 48) . In addition to HSCs, other cell types contribute to liver fibrosis, specifically resident portal FBs, bone marrow-derived or circulating fibrocytes, and epithelial cells that have undergone epithelial-to-mesenchymal-transition (EMT) (47, 48) . Perturbations in the expression of collagen, matrix metalloproteinases, and tissue inhibitor metalloproteinases have also been described in the fibrotic response of the liver (49) . In addition, changes in the vasculature are a hallmark of liver fibrosis, as the microvascular fenestrations that are critical to healthy liver function are occluded by deposition of ECM (47) . A well-characterized model of liver fibrosis in mice results from chronic CCl 4 administration; cessation of the CCl 4 administration is accompanied by spontaneous resolution of liver fibrosis over a period of a year (24, 50) . Most researchers agree that the spontaneous resolution of liver fibrosis is related to apoptosis of hepatic myoFBs (48) , or through the transition of HSCs to quiescent HSCs (47) . Similar to fibrosis of the skin, the increased presence and persistence of myoFB-like cells contributes to liver fibrosis; however, unlike skin, the liver may regenerate after the initial injury.
The effects of apoptotic hepatocytes in liver fibrosis range from immune modulation to direct interaction of apoptotic hepatocytes with surrounding cells. HSCs are induced to develop into myoFB-like cells in proximity to the apoptotic hepatocytes (47) (48) (49) . Fas and CD40, extrinsic apoptosis signaling pathway ligands, are up-regulated in the development and persistence of liver fibrosis (51) . However, activated HSCs (myoFBlike cells) are resistant to apoptosis, especially after sustained activation (52) . Apoptosis resistance aids in maintaining the profibrotic environment and sustains the presence of activated HSCs (47, 48) . Inducing apoptosis of HSCs has been a major therapeutic target to promote the resolution of liver fibrosis (47, 48) . Interestingly, in nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH), hepatocyte apoptosis is increased, as is the inflammatory response. After the initiation of inflammation and activation of HSCs, cirrhosis and fibrosis develop (41, 53, 54) . In this situation, there is no toxin to remove in order to reverse the fibrotic response. Therefore, in some cases of liver fibrosis, specifically NAFLD and NASH, the initiation of fibrosis may be related to the apoptotic load in the liver, a load which may be above and beyond the phagocytic clearance levels. This apoptotic burden could therefore directly contribute to fibrosis via paracrine signaling to the surrounding HSCs, or indirectly via immune modulation of the macrophage phenotype.
Several different apoptotic cell types have been identified in the liver. The largest contribution during the initiation of liver fibrosis is made by hepatocytes. Most studies suggest that as liver fibrosis progresses, angiogenesis occurs (24, 50) . Increasing levels of VEGF from activated HSCs and other myoFB-like hepatocytes encourage new vessel growth (48) . However, very little is known about how the vasculature then returns to the original sinusoidal architecture nor about the regulation of vessel regression during the resolution of liver fibrosis. During regression of fibrosis, the fate of the activated HSCs is also important. One group identified collagen-and ␣-SMA-expressing HSCs undergoing apoptosis; however, not all do. Some HSCs revert to an inactive phenotype and, in doing so, lower the apoptotic load during the resolution of fibrosis (55) . The mechanism with which the liver promotes and controls vessel regression and remodeling may be similar to the mechanism for the removal of HSCs, a key component in liver regeneration.
LUNG FIBROSIS
Lung fibrosis is characterized by heavy collagen deposition centered around fibrotic foci that contain ECs (56 -59) . Idiopathic pulmonary fibrosis (IPF) is initiated by an injury to the alveolar epithelium, which is followed by a mild to moderate inflammatory response (58, 59 ). Neighboring alveolar epithelial cells then migrate to the site and are activated (58, 59) . Resident FBs are recruited from the surrounding tissue, as are fibrocytes from the bone marrow (56) . In addition, epithelial cells may contribute to the FB and myoFB population via EMT (60) . EMT in this case occurs as the protein microenvironment changes from being prohealing to profibrotic (56) . These cellular and biochemical changes signal the initiation of normal tissue repair, similar to the normal wound healing response; however, in IPF, the wound healing process never concludes (58, 59) . Chronic activation of the healing response results in fibrosis, similar to the chronic activation of the wound healing response in the liver.
The presence of apoptotic alveolar epithelium is thought to initiate the wound healing response and ultimately the fibrotic response (58) . However, there are several other hypotheses that relate apoptosis to the progression of lung fibrosis: paracrine signaling confers apoptosis resistance to FBs and myoFBs that perpetuate the fibrotic response; or impaired apoptotic cell clearance by macrophages results in the release of the potentially toxic or profibrotic cellular contents of apoptotic pulmonary cells and profibrotic activation of FBs (19, 44, 61, 62) . In experimental models of lung fibrosis, such as bleomycin-induced fibrosis, the fibrotic response can be bolstered by concurrent administration of apoptotic lung cells, and fibrosis can be induced by exposure to apoptotic pneumocytes alone (21) . Interestingly, in bleomycin-induced lung fibrosis, there is increased expression of Fas on alveolar epithelial cells (60, 63) , suggesting that the extrinsic pathway is activated in chemically induced lung fibrosis. To support this observation, an antibody was used to constitutively activate the Fas receptor-ligand binding pathway; this also resulted in a fibrotic response (63) . Taken together, this research supports the hypothesis that the presence of apoptotic pneumocytes in the injured lung is sufficient to induce a fibrotic response.
As of yet, only two studies have examined the necessity of apoptosis in the induction of lung fibrosis. The first study used aerosol administration of z-VAD-fmk, a pan-caspase inhibitor, in a model of bleomycin-induced fibrosis (64) . The results were consistent with another study that examined the fibrotic response in bleomycininduced lung fibrosis after blocking the extrinsic apoptosis pathway with ANG-converting enzyme inhibitor or the pan-caspase inhibitor z-VAD-fmk (21) . Both studies showed significant reduction in the subsequent fibrotic response under conditions in which apoptosis was inhibited.
Studies to identify of the cell types responsible for apoptosis in lung fibrosis suggest several potential sources. One study utilized dexamethasone to induce apoptosis of macrophages, neutrophils, and other leukocytes in the bleomycin model of lung fibrosis. The results indicated that the fibrotic response was significantly reduced (65) ; however repeated studies have not been able to duplicate this response (58) . Histologically, apoptotic alveolar epithelial cells have been found in proximity to the heaviest myoFB activity and collagen accumulation in both clinical cases of IPF and in experimental models of bleomycin-induced pulmonary fibrosis (65) . The effect of alveolar epithelial cell apoptosis has been studied to determine the role it plays in lung fibrosis (62) . Several signaling pathways that experimentally control alveolar epithelial cell apoptosis have been identified, including ANG-converting enzyme inhibitor and TNF-␣ (59, 62) .
Another potential source of apoptotic cells in lung fibrosis is EC apoptosis during vascular remodeling (19, 66) . Experimental lung fibrosis is characterized by an increase in blood vessel density (56, 62) . Clinical observation has shown increased vascular remodeling in the normal parenchyma, while the fibrotic regions have fewer vessels, similar to wound healing and liver fibrosis (56) . The fibrotic regions contain both apoptotic and proliferating ECs, resulting in aberrant vascular architecture and anastomoses (67) . These changes in vascular architecture can be attributed to an imbalance of proangiogenic and antiangiogenic mediators (66, 68, 69) . The pro-and antiangiogenic mediators found in the fibrotic lung are similar to those found in healing wounds: increased angiotensin 1 and 2, angiostatin, pigment epithelium-derived growth factor, TGF-␤, and endostatin, and decreased chemokine ligand 8 (CXCL8), VEGF, and fibroblast growth factor-2 (66) . In addition to promoting vascular remodeling, these factors may lead to vascular injury. Vascular injury could lead to aberrant EC proliferation, which results in intimal proliferation, plexiform lesions, media hypertrophy, and adventitia fibrosis, all leading to pulmonary hypertension and exacerbation of the pulmonary fibrotic response (66) .
CTV
CTV is characterized by fibrosis of the vasculature of the transplanted organ (70 -72) . CTV in cardiac as well as renal allografts leads to failure of the transplanted organ and may lead to death (70 -72) . Cardiac allograft vasculopathy (CAV) leads to cardiac vessel fibrosis and ultimately silent myocardial infarction, heart failure, or sudden death (71, 72) . One of the characteristics of CAV is mononuclear cell infiltration and accumulation of vascular smooth muscle cells (VSMCs) in the neointima of the mid and dorsal coronary vessels (73, 75) . In addition, there is accumulation of fibrillar collagens, Col1, Col3, and Col4, in the neointima (73) (74) (75) . These vascular changes are all diagnostic of intimal thickening and hyperplasia (73-75) As rejection progresses, so does cardiac vessel stiffness, and the stiffness is thought to be related to cellular infiltration and differentiation of FBs to myoFBs (74) . Apoptosis has been identified as an initiator and perpetuator of the fibrogenic reaction in CTV (15) . In both CAV and renal allograft vasculopathy (RAV), EC apoptosis is the initiator of hyperplasia of the neointima and the downstream fibrotic response (15, 73) . ␣-SMA positive cells accumulate in close proximity to apoptotic ECs in the neointima and acquire apoptotic resistance, very similar to what has been observed in other models of fibrosis (15) . In CTV, EC apoptosis plays a central role in the progression of vasculopathy and fibrogenesis by inducing a hyperadhesive and thrombogenic state in the interior of the vessels of the donor organ (15) . In addition, many of the apoptotic ECs are phagocytosed by macrophages, increasing the production of TGF-␤ in proximity to the vessel wall and likely promoting the initiation of neointima formation (15, 76) . Lastly, EC apoptosis can trigger proteolysis and production of fibrogenic mediators in the surrounding tunica intima and tunica media that act as recruitment signals for FBs and encouragee FB to myoFB differentiation (15) .
In any transplant, the ECs lining the blood vessels of the donor organ are the first cells that directly contact the host's immune system (15) . Fas signaling has been implicated in graft vs. host immune-mediated vascular injury (15) . The circulating immune cells of the host present the ECs lining the vasculature in the donor organ with Fas ligand (15) . Recent studies have shown that blocking Fas signaling prevents vascular fibrogenesis (77) . Also, when apoptosis of ECs is blocked, immune cell infiltration can still occur, but there is significantly less fibrogenesis (78) . The maintenance of sustained levels of apoptotic ECs is also correlated with the development of CAV in heart transplant in pigs (79) .
CONCLUSIONS
In summary, apoptosis is a prominent feature of several different types of fibrosis during initiation, progression, and resolution. In liver fibrosis, apoptosis plays a critical role in the initiation and propagation from liver injury to liver fibrosis. In lung fibrosis, apoptosis has been identified as the initiator of the fibrotic response and is both necessary and sufficient to induce a fibrotic response. In CTV, EC apoptosis as a result of graft vs. host interactions is the initiator of the fibrotic response that will ultimately lead to transplant rejection. In wound healing, the role of apoptosis in the development of fibrosis is not well understood; however, fibrosis as a result of dermal wound healing can and should be compared to other models of fibrosis. Similar to CTV and liver and lung fibrosis, skin fibrosis, such as hypertrophic scarring, is characterized by excessive production and deposition of ECM, in particular, Col1 and Col3; FB hyperproliferation and apoptosis resistance; differentiation of FBs into myoFBs; and a decrease in collagen degradation.
One mode of modulating the apoptotic load in wound healing is regulation of vessel regression. Aberrant vessel regression and angiogenesis has already been identified in exaggerated fibrotic outcomes of wound healing, such as hypertrophic or keloid scarring. The balance of pro-and antiangiogenic mediators controls angiogenesis and vessel regression and has been identified as pathogenic in liver fibrosis, lung fibrosis, and CTV. The chronic activation of the wound healing response and the imbalance of pro-and antiangiogenic mediators together may contribute to the increased apoptotic load and ultimately to fibrosis. The increased apoptotic load seen in vascular regression during normal wound healing may be necessary and sufficient to induce and promote the normotrophic scarring response, and aberrant angiogenic control may promote the formation of hypertrophic scars. In the future, by controlling vessel regression and the apoptotic load, researchers may be able to halt the chronic activation of the wound healing response and promote tissue regeneration instead of tissue repair. We hypothesize that in order to achieve regeneration, similar to the resolution of liver fibrosis, circumstances that result in fibrosis, such as a healing wound, would benefit from a controlled induction of vascular regression resulting in a low apoptotic load. By controlling the induction of vascular regression, we may be able to control the apoptotic EC load present during resolution, and thus the effect of the apoptotic load on the surrounding tissue.
